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Abstract 
This dissertation was written as part of the MSc in Environmental Management 
and Sustainability at the International Hellenic University and focuses on the 
environmental impact assessment of Construction and Demolition Waste (CDW) 
management. 
Construction and Demolition Waste (CDW) consists a waste stream of high 
priority and importance for management according to the European Union as it 
presents high level of generation while simultaneously implement a significant 
potential of recovery and reuse (Borghi et al., 2018). Through its applied legislative 
framework, the European Commission has set quantitative targets for the whole 
process of management of the CDW, a proposal that has been incorporated by the 
Greek governance too. This objective includes the increase of the recycling and re-
using percentages of the total CDW produced in the Union while at the same time 
reducing the levels of uncontrolled management and landfilling. 
The scope of this thesis is to present a comparative analysis of the Life Cycle 
Assessment (LCA) of different scenarios of CDW management techniques, by 
presenting the environmental impacts of each one of them and identify the most 
environmentally friendly. The case study examined uses the data presented in the 
paper of Banias et al. which refer to the amounts of the CDW produced by the 
demolition of a five-floor residential building in Thessaloniki, Central Macedonia, 
Greece (2011). The exported results implement the quantification of the 
environmental impacts provoked in each scenario, which helps identifying the best one 
as far as the minimization of them is concerned.  Five (5) scenarios were examined, 
which implement various combinations of either landfilling or recycling the amounts of 
each waste stream produced. The scenario No1 refers to the landfilling of all waste 
streams produced by the demolition, the scenario No2 refers to the recycling of the 
recyclable waste streams, such as plastic, glass, wood and metals, and to the landfilling 
of the other waste streams, the scenarios No3 adds to the scenario No2 the recycling 
of the concrete produced, the scenario No4 adds to the scenario No3 the recycling of 
the bricks and the ceramics produced and finally the scenario No5 refers to the 
recycling of all the waste streams produced by the demolition of the building. 
  -v- 
Summarizing, the key findings of comparative analysis mentioned above arise 
through the use of an appropriate software for conducting an LCA of waste generation, 
SimaPro 7, a software that includes waste-focused databases, useful for the export of 
reliable results (Laurent et al., 2014). 
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1. INTRODUCTION 
1.1 General background 
Nowadays we live in the society of abundance, where the trend of 
overconsuming, “over-producing” and simultaneously “over-demanding” has been 
established well among us. Consequently, the modern attitude towards consuming in 
every sector of our everyday life, leads to the production of more waste and thus to 
the deterioration of the natural environment, which cannot become the recipient of 
such great amounts of them. Despite the economic crisis in many countries in the 
world, among which is Greece too, people haven’t yet understood fully the necessity 
of diminishing the amount of waste produced and the beneficial effects that arise from 
the recycling of part of the waste that we produce. 
By the term recycling we mean the organized effort of non-disposing waste but 
instead lead them to plants where they are processed and transformed to a recyclable 
material. The procedure of recycling has attracted the attention of countries and 
governances since the preservation of the natural resources has turned into οne of the 
biggest challenges for humanity (Chen et al., 2010). Through recycling the disposal of 
certain materials is constituted by the processing of them in order to be transformed 
to new materials, which helps avoiding using non-renewable resources (Chen et al., 
2010). 
Construction and demolition waste (CDW) consist a sensitive waste category 
that is met widely in every modern society (Butera et al., 2015).  By the term 
“Construction and demolition waste (CDW)” we mean the waste produced by the 
construction and demolition of various structures, either it is complete or partial 
(Yeheyis et al., 2012).  
Usually, CDW represents a great percentage of the total municipal solid waste 
produced in a country, rendering priceless the necessity for right management. 
According to Yeheyis et al, the sector of constructions “consume 32 % of the world’s 
resources including 12 % of water and up to 40 % of energy” (2012).  The necessity for 
extraction of raw materials in construction activities worldwide reaches the 
percentage of 40% of all raw materials extracted (Yeheyis et al., 2012). 
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Due to their great rhythms of production, CDW manage to provoke negative 
consequences on the environmental balance and create problems like air, water and 
soil pollution, climate change and disturbances in the existing biodiversity. But the 
consequences do not remain in the environmental sector but instead affect the 
economic and social one too (Yeheyis et al., 2012). 
It’s consequently explained the fact that during the past few years there has 
been great concern on the application of regulations and laws that either encourage or 
impose the application of CDW management practices by the states. These practices 
may include the application of construction and demolition methods that do not 
create large amounts of CDW (e.g. selective demolition), the elimination of the total 
CDW produced through promoting recycling/reusing, the use of CDW as a mean of 
producing energy and after all the fight for their safe disposal (Marchettini et al., 
2007). 
However, not only the stricter regulation from the part of the states pushes 
towards the direction of the sustainable management of the CDW. The alternative 
ways of managing them can also bring profits to the ones that take advantage of them, 
creating a “commercial interest” around the issue (Chen et al., 2010). 
In the frame of this thesis, the alternative methods of managing the CDW are 
examined in order to show the environmental load that each one of them bring. In 
addition, through the examination of a specific example including certain amount of 
CDW, the reader can easily understand the differences of each management method, 
the presentation of which consists one of the aims of the thesis, as is analytically 
mentioned subsequently. The methods examined include scenarios of landfilling and 
recycling the various waste streams produced by the demolition of a five-floor 
residential building in Thessaloniki, Central Macedonia, Greece. Generally, the results 
show that as the percentages of recycling of the CDW increase so the environmental 
impacts are diminished. 
1.2 Aims and objectives 
According to the European commission, the construction sector plays a very 
significant role to the EU economy (EC, 2016). The construction industry opens up to 
18 million jobs each year in the European territory and is due for about 9% of the EU's 
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Gross Domestic Product (GDP) (EC, 2016). It becomes thus more than necessary to try 
to create the fundamental conditions for the promotion and the maintenance of a 
sustainable construction sector. To achieve this though, sustainable ways of managing 
CDW are needed too. Greece follows the same direction, with the construction sector 
to develop significantly, in lower rates though due to the economic crisis.  
However, the construction industry is also responsible for a great variety of 
environmental impacts, with one of the greatest to be the extraction of raw materials 
of non-renewable resources (Vitale et al., 2017). This kind of problem is not something 
non-repairable. By the promotion of a market of recycled construction materials, we 
could save great amounts of non-renewable raw materials.  
The establishment of a market of recycled construction materials isn’t 
something that seems utopian nowadays. In particular, there is a new market of 
aggregates that come from the recycling of CDW. Furthermore, the technology for the 
separation and recovery of construction and demolition waste is well-established, 
easily accessible and generally low-cost, a fact that enhances more their potential for 
recovery. This new trend demonstrates even more the great potential of CDW for 
reuse and recycling, since their materials are of particular value. In fact, almost 80% of 
this waste can be recycled (Ortiz et al., 2010), opening new opportunities to the 
secondary market of recycled construction materials. 
By establishing first of all the philosophy of prevention of producing too much 
CDW on the constructor sector, then by promoting the necessity of reusing and 
recycling part of the waste produced or by canalizing part of them in secondary 
markets for further exploitation, as it’s used to happen with materials like aluminum, 
wood, iron etc, and last but not least by widening the cycle of using recycled materials 
in infrastructure projects, we could achieve great results in the field of the right 
management of the CDW produced from them. 
And that’s exactly the aim of this thesis; to present  more  sustainable ways of 
managing CDW, which include  the use of recycled materials in the construction sector, 
the selective demolition, the preliminary sorting and the collection of the main 
components of the building in the demolition phase and generally  to present in a 
quantitative way through a real-life example of the demolition of a residential building 
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in Central Macedonia the differences between the  various waste management 
techniques , as far as the environmental consequences are concerned. 
The key findings show that there is no managing method that needs to be 
abolished. Each one of them tend to influence different environmental impact 
categories.  By comparing the total environmental impact of each one of them, while 
simultaneously taking into consideration the economic and social cost they induce, we 
may conclude to which one is the most preferable and to what extent of application do 
the benefits start to vanish.  
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2. LITERATURE REVIEW 
2.1 Introduction 
2.1.1 Definition of CDW 
Construction and demolition waste (CDW) are the waste produced by 
infrastructure projects, such as constructions, demolitions, excavations, renovations 
etc. CDW constists of a wide variety of materials, depending on the source from which 
they are produced (Banias et al., 2011). CDW waste includ a wide range of materials 
that can be found in infrastructure projects like: 
i. demolishion projects where a certain infrastructure is going to be 
demolished, with no plan for new construction in the short term, 
ii. demolishion projects where a certain infrastructure is going to be 
demolished and a new one is going to be erected in its place in the shor 
term, 
iii. renovation projects,  
iv. “greenfield building sites”, viz undevelloped areas where new 
infrastructures are going to be erected, 
v. road construction projects and  
vi. road refurbishment projects (Fatta et al., 2003). 
According to the the European Waste Catalog (EWC), which is a list of waste 
types, established by the European Commission Decision 2000/532/EC1, the 
Construction and demolition waste (including excavated soil from contaminated sites) 
consist the category No 17 of it.  
To be more analytical, the EWC categorizes the various waste according to 
what they are or depict as well as according to which process or activity they are 
produced. The EWC is divided into 20 different categories. 
According to Decision 2000/532/EC1, chapter No 17 of the catalog includes the 
waste mentioned on the Table I.1 included in the Appendix I. The waste that are 
marked with an asterisk (*) is considered as a hazardous waste pursuant to Directive 
91/689/EEC on hazardous waste. 
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In Greek legislation, the most recently approved depiction of the EWC is 
imprinted Common Ministerial Decision No 62952/5384 (OGG 4326/B/30-12-2016). 
2.1.2 Description of the problem 
It is a fact that CDW consists s priority stream to manage not only in Greece but 
also in other countries around the world and the EU. Construction is one of the world's 
largest consumer of raw materials. The direct result of construction activity is the 
production of the various CDW streams, the main features of which are their large 
volume and weight. The quantity produced in the EU is particularly high in relation to 
all waste generated by all production sectors. The main difference between the Greek 
reality and the European one is that in Greece at the construction industry we refer to 
excavation, construction and demolition waste, while in the countries abroad 
reference is made only to construction and demolition waste (CDW), excluding 
excavated waste, which are usually made up of pure materials which can be re-used in 
infrastructure projects. 
In Table 1 below the amounts of CDW produced in tons in the various counties 
of the EU during the years 2004-2014 are presented. 
Table 1: Tons of waste generated in the EU countries, 2004-2014 (Source: Eurostat) 
  2004  2006  2008  2010  2012  2014  
EU (28 
counties) 
766.250.000  836.290.000  864.450.000  858.730.000  838.260.000  858.750.000 
Belgium 11.037.080e  13.089.651e  15.441.861  16.852.673  16.895.181  17.077.950  
Bulgary 2.998.621  1.023.303  1.828.761  78.880  1.032.651  1.340.467  
Czech 
Republic 
8.130.735  8.379.849  10.650.635  9.353.673  8.592.900  9.409.944  
Denmark 4.273.801  5.802.368  5.674.326  3.142.215  7.454.350  10.572.098  
Germany 191.562.719  196.536.165  197.206.500  190.990.217  197.527.868  206.466.169  
Estonia 488.537  717.105  1.099.100  436.289  657.089  671.347  
Ireland 11.286.882  16.599.466  13.547.588  1.609.762  1.132.275  1.884.390  
Greece 3.324.000  6.829.161  6.828.051  2.086.080  812.519  479.999  
Spain 46.319.660  47.323.392  44.926.463  37.946.523  26.129.151  20.418.071  
France 210.041.309s  225.310.888  252.979.840  260.699.131  246.702.428  227.607.180  
Croatian 646.282  18.820  129.223  7.656  674.661  618.158  
Italy 49.150.771  52.315.620  69.731.942  59.340.134  52.965.743  51.683.579  
Cyprus 488.499  298.346  431.231  :  965.177  634.801  
Latvia 8.243  19.339  12.040  21.551  7.509  454.281  
9 
 
Lithuania 357.380  348.968  412.045  356.772  419.136  434.737  
Luxemburg 6.979.984  6.774.547  8.282.055  8.866.757  7.079.473  5.979.235  
Hungary 1.735.609e  3.045.335e  3.240.063e  4.072.214  4.038.081  3.439.941  
Malta 2.810.774  2.492.522  1.698.659  988.070  1.044.088  1.241.079  
Netherlands 49.619.394  56.716.248  58.886.879  78.063.887  79.166.657  90.734.851  
Austria 27.935.266  31.321.626  31.389.803  20.927.070  33.468.558  40.265.570  
Poland 1.677.539  14.141.031  6.929.512  20.818.234  15.367.995  17.010.251  
Portugal 2.625.939e  3.607.449e  1.364.419  1.779.897  928.394  1.512.950  
Romania 91.397  33.740  318.097  734.946  1.325.341  1.050.434  
Slovenia 907.963  994.886  1.376.225  1.509.476  535.154  815.010  
Slovakia 1.403.965  916.228  1.301.760  1.786.430  806.184  1.386.685  
Finland 20.842.637  23.145.712  24.455.231  24.645.393  16.033.874  16.296.811  
Sweden 10.271.183  8.943.363  3.310.326  9.381.226  7.655.935  8.866.720  
United 
Kindom 
99.234.124  109.545.987  100.999.493  102.231.321  108.838.022  120.393.877  
Iceland 18.500  :  :  12.289  10.820  23.085b  
 
Liechtenstein 
:  :  247  31  106.623  516.704  
Norway 1.101.407  1.252.051  1.498.376  1.542.803  1.880.543  2.693.506  
Switzerland :  :  :  :  :  :  
Montenegro :  :  :  :  0  107.036  
FYROM :  :  :  0  7  9.491  
Albania :  :  :  :  :  :  
Serbia :  :  :  0  363.706  274.769  
Turkey :  :  0  :  :  :  
Bosnia and 
Herzegovina 
:  :  :  :  0  :  
Kosovo 
(Under 
United 
Nations 
Security 
Council 
Resolution 
1244/99) 
:  :  :  :  0  4.516  
:  No data available  
 
It is noted that during the decade 2004 - 2014 there is a significant increase in 
the amount of waste generated by the construction sector. The development of 
alternative management methods has become therefore an issue of great importance 
in order to counterbalance their continuing increase. 
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2.2 Legislative framework 
2.2.1 EU policy  
One of the most important waste streams in the European Union and globally is 
waste from construction and demolition works. The importance of CDW lies both in 
their environmental and economic dimensions, as the volume they occupy is not 
negligible, but also the possibilities they offer for using  and recycling them instead of 
simply discarding them through landfill. 
More specifically, in 1991, with the "Priority Waste Schedule" program started 
by the Commission 's Directorate - General XI on the Environment, Nuclear Safety and 
Security Civil Protection (Directorate General XI), construction and demolition waste 
were recognized as a priority waste stream both from the environmental and the 
economic point of view, as they present great interest for recycling and reusing, due to 
the great value of some of the materials included in them. However, the level of 
recycling and re-use of waste varies to a large extent throughout the EU between less 
than 10% and over 90%, with average to be at 30%. In some Member States this 
category of waste is 100% discarded, occupying valuable space in landfills. Moreover, if 
not separated in the source, CDW may contain small (or large depending on the origin) 
quantities of hazardous waste, impleenting the risk of causing environmental 
deteriortion. 
The establishment of efficient waste management practices has been an issue 
of great importance since the last decades in the European Union. In 1989, the EC 
proposed guidelines that had as an aim to help waste regulators and thus waste 
managers set and select the “best option(s)” as far as the management of waste is 
concerned (Barton et al., 1996). These guidelines were focusing on the philosophy of 
“prevention-reuse-recycling-recovery-final disposal” of waste, as the steps that must 
be followed in turn. They proposed the resources’ conservation as a main objective 
towards the environmental protection meanwhile focusing on the great potential of 
waste recycling (Barton et al., 1996). As Barton et al. also emphasized, “this so-called 
"waste hierarchy" has become the bedrock of strategy development for waste 
management throughout Europe” (1996). The EU “waste hierarchy” proposes 
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avoidance of landfilling certain amounts of waste that would be reused or recycled 
instead. 
2.2.2 Greek legislation  
According to the Greek legislative framework the waste that are produced from 
infrastructure projects do not contain only construction and demolition waste but also 
excavation ones. The Common Ministerial Decision No 36259/1757/Ε103 (OGG 
1312/B/24-08-2010) mentions that Waste from Excavations, Constructions and 
Demolitions are any material or object produced by the activities of excavation, 
construction and demolition (the corresponding Greek abbreviation of “CDW” is 
“AEKK”). The Decision is imprinted in accordance with the Law 2939/2001 (OGG 
179/A/6-8-2001) “Packaging and alternative management of packaging and other 
products - Establishment of National Agency for Alternative Management of Packaging 
and Other Products, and other provisions”. In this category the inert waste is also met. 
By the term inert waste, we mean the non-hazardous waste where no significant 
physical, chemical or biological conversion exists. 
The Greek governance has set an Alternative Management Program of CDW, 
which focuses on preventing or limiting the harmful environmental impacts that their 
management provoke while simultaneously promoting the adoption of measures that 
encourage their recovery and recycling rate.  According to the …. Of OGG 1312/2010, 
every manager of CDW must care for the sustainable disposal of them and collaborate 
with a recycling plant in order to canalize them there for recovery or other 
exploitation. The manager of CDW may be the contractor of a public or private 
infrastructure work, such as manufacturers, contractors of technical and construction 
projects, rental companies of management equipment and constructors that take care 
of the temporary storage and the collection and transport of CDW. The manager of the 
CDW produced by a project may also be the owner of it. 
The managers of CDW of every project in Greece have certain obligations in 
order to appropriately drive the various waste streams for exploitation. The “moto” 
that its manager must stick to focuses on the philosophy of “prevention-reuse-recycle-
recovery-final disposal”, as the correct sequence to be followed in the hierarchy of 
managing CDW. 
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2.2.3 Aims to be achieved 
The general aim of alternative management of CDW is to prevent, reduce and 
curb the negative effects of their uncontrolled disposal in unauthorized areas. In 
addition, the aim is to take measures for their rational management and disposal, such 
as finding suitable recipients, for example facilities and units for treatment, utilization 
and disposal of them. Each CDW producer and manager should encourage their 
maximum re-use, recovery and recycling. 
The EU has set objectives through the Directive 2001/118/EC which depict the 
expected achievements as far as the recycling rates of CDW are concerned. These 
objectives are embedded in the greek legislation through the OGG 1312/B/2010.  
The quantitative targets for the recovery of the CDW in Greece, with exception 
of the categories 17 05 04 and 17 05 06 Of the European Waste Catalog (viz the soil 
and stones resulting from excavation activities) according to the Directive 
2001/118/EC, which is embedded in OGG  1312/B/2010, are the following: 
i. by the 1st of January 2012, the re-use, recycling and recovery of other 
materials and the exploitation of CDW must at least reach 30%, based on the total 
weight of the CDW produced in the country, 
ii. by the 1st of January 2015, the re-use, recycling and recovery of other 
materials and the exploitation of CDW must at least reach 50%, based on the total 
weight of the CDW produced in the country, 
iii. by the 1st of January 2020, the re-use, recycling and recovery of other 
materials and the exploitation of CDW must at least reach 70%, based on the total 
weight of the CDW produced in the country. 
Up to the year 2017, this target had been achieved only by five countries in EU, 
the Netherlands (98.1%), Denmark (94.9%), Estonia (91.9%), Germany (86.3%) and 
Ireland (79.5%) (Ulubeyli et al., 2017). The next few years will demonstrate if the target 
of 2020 is something achievable or at the end seems utopian for most of the Member 
States. 
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2.3 CDW management practices 
2.3.1 The EU “waste hierarchy”  
Nowadays, “waste is no more treated as the valueless garbage; waste is rather 
considered as a resource in the present time” (Zaman A., 2010). The current regulation 
in the field of waste management sets very particular and strict objectives and 
requirements as far as the sustainable management of CDW is concerned. Meanwhile, 
the remarkable advance of technology has set the sustainable waste management 
potential a reality, which tends to gain field day after day. 
As was also mentioned above, the EU “waste hierarchy” proposes following by 
turn the methods of “prevention-reuse-recycle-recovery-final disposal” when 
managing CDW. More analytically, the term "prevention" refers to measures aimed at 
reducing the amount of CDW produced, such as the correct design of a structure that 
starts from the design phase and the use of the selective decontruction method for 
demolition works (OGG 1312/2010).  The “prevention” of producing waste is directly 
connected to the reduction of their produced volume, which generally consists the 
most environmentally friendly method, as it implies the prevention of their production 
in the first place (Lu and Yuan, 2012). It consists a precautionary method that focuses 
at reducing the total volume of CDW and may be achieved by using certain techniques 
such as limiting the amount of packaging, using new design techniques etc (Yeheyis et 
al., 2013). 
By the term “reuse” of CDW we mean any action through which the materials 
that come from demolitions, building constructions, natural or other disasters are used 
for the purposes designed, with or without the supporting auxiliary products on the 
market. For example, certain waste streams such as e.g. excavation waste, soil and 
stones can be used either unprocessed or with light mechanical treatment (eg 
hammering) inembankment projects, slopes, knees, etc (OGG 1312/2010). In the 
resuse process a certain amount of the CDW produced during an infrastructure project 
returns as a product to be used for the same purposes, either to the same project or to 
a different one (Yeheyis et al., 2013). 
By the term “recycling” we mean the reprocessing (that follows after the 
proccess of  the sorting, breaking and chipping and any other work that contributes to 
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the recovery of CDW) during the proccess of production of recyclable materials in 
order to be used for their original purpose or for purposes other than energy recovery 
(OGG 1312/2010). 
By the tern “recovery”, we mean the “energy recovery”, viz the use of the fuel 
materials of such waste as means of energy production, with direct combustion, with 
or without other waste, but with the recovery of heat, in compliance with the 
provisions of the current legislation to protect the environment (OGG 1312/2010). 
Finally, by the term “final disposal” we mean the procedure of landfilling of 
CDW if none of the previous practices is possible or applicable. This process is the 
worst practice of managing CDW and should in any case be avoided (OGG 1312/2010). 
When it’s not physically possible to reuse the various CDW, recycling consists 
the best management option in order to gain envrionmental benefits. Recycling may 
include various waste management proccesses with different environmental aims and 
by-products produced, which may replace the production and use of raw materials etc 
(Ekvall et al., 2007). 
In order to achieve great as fas as the percentages of resuse and recycle are 
concerned in an infrastructure project, the proccess of on-site or off-site sorting has to 
be followed first. The proccess is analytically mentioned in the next paragraph. 
2.3.1. On-site and off-site waste sorting 
According to the EU “waste hierarchy”, from the moment that the CDW 
managers have applied all possible measures to reduce the production of CDW in a 
certain infrastructure project, the next approved solution is to try to maximize their 
potential reuse and recycling rate. To achieve that, the waste have to be sorted first 
on-site or off-site (Wahi et al., 2016). According to Lu & Yuan, construction activities 
tend to provoke negative impacts on the environmental balance, a phenomenon that 
can be combatted through applying on - site construction waste sorting (2012). When 
on-site sorting happens in an infrastructure project, more CDW are separated in source 
and consequently channelled for further exploitation, viz reuse or recycling (Yuan et 
al., 2013). On-site sorting is also strongly recommended since it has been proven that 
through it less waste is driven to landfills (Yuan et al., 2013). Additionally, off-site 
sorting consists the same procedure with the difference that it happens to external 
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sorting facilities. It implies the same environmental benefits but implements the extra 
cost, both economic and environmental, for transporting the waste (Lu and Yuan, 
2012). On the other hand, on-site sorting may not involve transportation costs but 
imply but is considered to be more time-consuming and labor-demanding (Ulubeyli et 
al., 2017). In any case, the sorting procedures drives to better percentages of reusing 
and recycling, proccesses that are described below. 
2.3.2 Reusing, Recycling and Recovery Proccess 
Recycling consists a proccess that was first appeared in the early 1970s in the 
USA and Europe, due to the shortage of concrete sources (Ulubeyli et al., 2017). 
Almost one decade later, in 1980s, the scarcity of landfills and the requirements of 
huge amounts of land to dispose CDW, the first recycling plants went into operation, 
making the beggining to the establishment of recycling of CDW as the most 
environmentally accepted proceduce nowadays (Ulubeyli et al., 2017).  
In Europe, recycling is a respectively “new industry”, with its starting point to 
reach the 1990s (Ulubeyli et al., 2017). According to the Directive 2001/118/EC of the 
EU, by the 1st of January 2020, the re-use, recycling and recovery of other materials 
and the exploitation of CDW must at least reach 70%, based on the total weight of the 
CDW produced in the country. Through reusing, recycling and recoverinng CDW, 
countries can not only reach the EU goals but also reduce the total space covered in 
the landfills and thus prolong their time of life (Peng et al., 1997). In addition, the 
above-mentioned processes induce not only environmental gain but also economic 
profit too (Peng et al., 1997). 
More analytically, a good portion of the CDW produced by a certain 
infrastructure project, can be transformed into usable construction materials, under 
proper management (Sapuay, 2016). The processes of reusing, recycling and recovery 
in the waste hierarchy have as a purpose to minimize the resource consumption and 
the environmental deterioration (Peng et al., 1997). 
For the purposes of this thesis, the procedure of reusing and recycling are going 
to be examined through a real-life example of a demolition project in the area of 
Central Macedonia. The process of energy recovery is not analyzed more but consists a 
management process with environmental advantages and useful by-products 
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produced, such as the production of residues through the waste incineration, that may 
replace gravel at road constructions (Ekvall et al., 2017). 
2.3.3 Landfilling 
Landfilling is the process according to which the solid waste is disposed in a 
specially predestined field and buried in the land. “Landfills consist of a complex 
system of interrelated components and sub-systems that act together to break down 
and stabilize disposed wastes over time” (Zaman A., 2010). Although landfill is one of 
the oldest and most used technology for managing solid waste, in developed counties 
landfilling is discouraged due to large land requirement and lifetime span (Peng et al., 
1997). For example, in the USA it has been proven that CDW ranges from 20 to 30 
kg/m2 according to the type of building (Peng et al., 1997). In Greece, it seems more 
than urgent to manage CDW with an appropriate way because of the high shortage of 
landfill space for final disposal, a phenomenon that has significantly attracted the 
attention of the government (Fatta et al., 2003). 
The EC has established the Directive 1999/31/EC on waste management, which 
aims to prevent or reduce the negative impacts of landfill on the environment and, in 
particular, impacts in surface water, groundwater, soil, air or human health. The 
Directive classifies the landfills into three categories: 
• landfills for hazardous waste, 
• landfills for non-hazardous waste and 
• landfills for inert waste.  
For the selection of the appropriate waste disposal site the Decision 
2003/33/EC has been published, which sets out the criteria and the procedures for the 
acceptance of waste in landfills in accordance with Article 16 and Annex II to Directive 
1999/31/EC.  
In the case of CDW, the EU Directive 1999/31/EC requires that aggregates and 
dams be disposed to independent inert materials’ burier sites, while at the same time 
prohibiting their disposal in common landfills where municipal solid waste are buried. 
CDW should preferably be brought to treatment plants and as a last choice, if they are 
not suitable for further management, be landfilled. Taking into account the recycling 
target set by the EU legislation (70% for the year 2020), it is clear that the inert 
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materials’ burier sites should be avoided and limited only where the management of 
CDW is not physically possible. 
In the framework of this thesis, three (3) different cases of reusing, recycling 
and landfilling of the CDW produced by the demolition of a semi-constructed 2-floor 
residential building are examined. Throughout the analysis, which is presented in the 
next chapters, the comparative benefits of the first two (2) methods are analyzed, 
showing the emergency of eliminating as more as possible the amounts of CDW that 
end up in landfills. 
2.3.4 Adaptation in Greek reality (restrictions, opportunities) 
2.3.4.1 Opportunities 
According to the hierarchy of waste treatment, the main pursuit of the current 
legislative framework, which should be adopted by all CDW managers, is to promote to 
the maximum degree the principle of “prevention” in infrastructure projects. 
Prevention is the one of the most effective environmental and financial management 
policies, since it enhances the reduction in the total cost of the management of CDW 
due to the lower quantities of them, the reduction of the pollution provoked, the 
energy saving and simultaneous the reduction of waste that at the end are driven in 
landfills or other non-approved disposal places. 
Having exhausted all the possibilities of prevention in infrastructure projects, 
the reuse and recycling of CDW consists the next environmentally approved solution. 
Restoring recovered materials to the market brings both environmental and economic 
benefits. Thanks to the advance of the technology nowadays, the overwhelming 
majority of the categories of materials included in the CDW have great potential of 
reuse or recycling. For example, the waste of concrete could be used as recycled 
aggregate in road construction (road base) of for the production of new concrete, the 
bricks could be backfilled or be used as recycled aggregate, the insulation materials 
could be reused as “sound proofing on interior walls” etc. (Yeheyis et al., 2013). 
Finally, if none of the above-mentioned options cannot be implemented, CDW 
are sent to landfill where their final disposal happens. 
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2.3.4.2 Restrictions 
However, in reality sometimes there are certain burdens which disincline 
managers to follow the approved hierarchy of waste treatment. As it was mentioned 
above, the Greek legislation offers a basic legislative framework for the alternative 
management of CDW and the obligations it implies. However, the adoption of the 
correct management practices still remains in low levels, driving to the disposal of 
CDW at inappropriate places, increasing the level of pollution of the natural 
environment. The main obstacles to the sustainable management of CDW are:  
• Lack of treatment facilities. The lack of infrastructure for storage, 
treatment and recycling the CDW consists a huge problem since it enhances the 
possibilities of uncoordinated disposal. 
• High management cost. The right treament of CDW in an appropriate 
facility implies the payment per ton of management from the part of the manager or 
the conductor of an infrastructure project. 
• Wrong promotion of the market of recycled aggregates. The use of 
recycled materials in the construction sector may imply high profit for the conductor of 
the project since it saves money from the purchase of raw materials. There has to be 
an organised effort for better promotion and establishment of the market of recycled 
materials in the construction sector, with both economic and environmental profit. 
• Insufficient appliance of the legislation. The current legislation may 
provide the main directions for the right management of CDW, but lacks of 
surveillance of its application, a situation that enhances the loose posistion towards 
the obligations proposed. 
2.4 Demolition methods and produced waste 
2.4.1 Introduction 
The amount of CDW produced by an infrastructure project is directly connected 
to the concstruction or demolition practices used. In respect to the construction 
process, demolition involves by its nature the production of larger amounts of CDW. In 
the latter case, the management cost of the demolition waste produced is directly 
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connected to the demolition method applied, which can be either the conventional 
one or the deconstruction proccess (Banias et al., 2011a). 
The conventional demolition method implies the total demolition of a structure 
without removing first part of the its materials. Selective demolition, or otherwise 
deconstruction of a structure, consists a building-disassembly method that offers great 
advantages as far as the reduction of the CDW produced and the maximization of the 
reuse of materials are concerned (Shami, 2006). Deconstruction consists a sustainable 
“demolition waste management practice”, that helps to enhance the reusability of 
materials while offering great environmental advantages, as it’s described in the next 
paragraph (Roussat et l., 2009). 
2.4.2 Presentation of the deconstruction proccess 
There are several ways to promote the proper waste management in 
demolition projects. Deconstruction consists an alternative, sustainable way to 
dismadle a structure, in respect to the traditional demolition practices (Couto et al., 
2011). It refers to the partial removal of structural elements of a structure while 
seperating by type the materials removed (Shami, 2006). Deconstruction may 
contribute to the minimization of the extraction of raw materials in the construction 
sector, while at the same time enhances the possibilities that the extracted materials’s 
life is prolonged by re-entering them in the market (Couto et al., 2011). The potential 
for reuse occur by the deconstruction of a structure also lead to less waste landfill 
(Couto et al., 2011) 
It’s common sense that deconstruction costs more respectively to the 
traditional demolition methods, since it demands more time in the working site, more 
labour and better knowledge and education of the labour work for that (Couto et al., 
20111). However, this additional cost for the conductor of the project may be balanced 
by the the “increased income from salvaged materials, which can be reused or 
recycled, decreased disposal costs, and decreased costs from avoided time and 
expense needed to bring heavy equipment for the domolition to a job site” (Couto et 
al., 2011). In addition, the materials that arise from the deconstruction of a structure 
have greater value than the ones that arise from the demolition proccess and may be 
promoted into secondary markets of buying recycled materials, managing to both 
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lower the cost of a construction project and simultaneously protect the environment 
by avoiding extracting raw materials (Couto et al., 2011). Last but not least, the 
deconstrucion proccess helps to avoid damages to the soil and vegetation respect to 
the demolition proccess, to create respectively less noise and dust to the site (Couto et 
al., 2011) and additionally creates new jobs in the construction sector (Shami, 2006). 
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3. METHODOLOGY 
3.1 Data collection 
As it was mentioned in previous chapters too, the aim of this thesis is to 
present sustainable ways of managing CDW, by examining a real-life example of the 
demolition of a five-floor residential building in Thessaloniki, Central Macedonia, 
Greece. The data were extracted through the paper of Banias et al (2011). Various 
combinations between landfilling and recycling of the waste streams produced by the 
demolition consist the scenarios of the case study, that is presented in the next 
paragraphs. Through them the differences between the various waste management 
techniques are going to be presented, as far as their environmental consequences are 
concerned.  
3.2 Life Cycle Assessment 
3.2.1 LCA Methodology 
Life Cycle Assessment (LCA) is a methodology used for examining the 
environmental consequences of the production of various products or of the 
application of certain activities and proccesses through their entire life cycle, “from 
cradle to grave” (Chen et al., 2010). The conduction of the LCA modelling is based on 
the international standards of ISO, and more specifically on the international standards 
of ISO 14040, which include the basis and the principles through which LCA is applied 
(ISO, 2006). 
LCA consists of four (4) stages, which are the goal and scope definition, the life 
cycle inventory analysis (LCI), the life cycle impact assessment (LCIA) plase and the 
interpretation of the extracted results (ISO, 2006). These stages and the connections 
between them are depicted in Figure 1 that follows. 
For the purposes of this thesis a Life cycle assessment (LCA) of the real amounts 
of the CDW produced by the demolition of a five-floor residential building in 
Thessaloniki, Central Macedonia, Greece was carried out. Applying the LCA of the 
waste streams produced by the demolition, all the stages of the their production are 
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taken into account, from the moment of their generation to the moment of their final 
treatment or disposal. 
 Life Cycle Assessment  
   
 Phase 1:  
Goal and scope definition 
→ 
 
Phase 4:  
Interpretation 
 
 →
 

 
  
 Phase 2:  
Inventory analysis 
→ 
 
 
 →
 

 
  
 Phase 3:  
Impact Assessment 
→ 
 
 
     
Figure 1: Stages of Life Cycle Assessment (LCA) (Source: (Milutinović et al., 2017) 
According to Milutinović et al., wanting to identify the most environmentally 
friendly waste management method it’s neccessary to include in the LCA conduction 
all the phases of the waste life cycle, “from gradle-to-grave”, since it’s a usual reality to 
exist trade-offs among different stages of the waste life cycle (2017). More 
analytically,diminuishing the environmental impacts in the one phase may imply their 
increase in another phase, a situation that must be seriously taken into accounted and 
controlled  (Milutinović et al., 2017). According to the Commission of the European 
Communities, the application of an environmental policy must be done only if it’s 
ensured that “the negative environmental impact is minimized throughout the entire 
life cycle of resources” (2005). Through the life cycle approach, the above-mentioned 
trade-offs may be detected and analyzed in order to conclude to the most sustainable 
solution, viz in our case to the most sustainable management scenario. 
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3.2.2 SimaPro Software  
SimaPro is a software through which the analysis of sustainability performance 
in different sectors can be examined and monitored. The sustainability performance 
may refer to both products and services. SimaPro provides access to databases and 
unit processes, adjusted to every kind of product or service examined (SimaPro, 2018). 
In this thesis, two (2) different construction and demolition waste (CDW) 
management options are analyzed, viz landfilling and recycling, by a life cycle 
assessment modelling system using SimaPro software (version 7.3.3.). 
SimaPro software has been widely used for identifying environmental impacts 
and burdens to certain impact categories, based on the input-output material flows 
(Zaman, 2010). According to Laurent et al., SimaPro is a “waste-specific LCA software” 
which has been widely used in a great proportion of LCA studies, reaching one of the 
first places in the classification of LCA software used in studies (2013). In fact, SimaPro 
libraries contain waste impact categories’ units and may be used to settle or extend an 
existing waste management system.  
SimaPro consists a useful and well-organized tool to help the user in decision-
making processes concerning the choice of the optimal waste management solution. 
Proving its usability and preference by the users, Laurence et al., classified a range of 
widely spred LCA software like EASEWASTE, GaBi, ORWARE, IWM, DST, WISARD and 
others, proving that SimaPro comes first in proportion preference in studies, reaching 
more that 25% usability in respect to the second one, EASEWASTE, that reached less 
than 15% in preferability (2013). 
3.2.3 LCA implementation in CDW 
According to the EU Waste Strategy, CDW consists a ‘‘priority’’ waste stream, 
as far as their control of production and management techniques are concerned.  In 
urban areas, the infrastructure projects are nowadays the main contributor to the 
increase of total solid waste produced (Banias et al., 2011). The production of solid 
waste streams, including CDW, tend to increase with alarming rhythms, a reality that 
renders the introduction of alternative waste management techniques more urgent 
that ever (Laurent et al., 2014). These techniques are necessary to demonstrate 
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concern for the environmental protection and defense of its sustainability (Laurent et 
al., 2014).  
Life Cycle Assessment is a tool with great appeal to the achievement of 
quantification of environmental impacts that the various waste management 
techniques provoke (Laurent et al., 2014). As that’s because the environmental 
impacts of these techniques must be examined through the entire life cycle of the 
waste (Milutinović et al., 2017). Deciding to implement or not a new waste 
management technique, it’s necessary to examine all impact categories in all aspects: 
environmental, economic and social ones. LCA methodology takes into consideration 
these three aspects at which sustainability analysis should be achieved. And that’s why 
LCA is a useful “decision support tool”, that through the quantification of the impacts 
that the various CDW management methods provoke, manages to bring insight to 
finding the most appropriate solution of management (Laurent et al., 2014). 
In the case study examined in the next chapter, LCA of five (5) different 
scenarios of CDW management options is conducted, which include either the 
landfilling, either the recycling or the combinations between them, as far as the 
management of the various waste streams produced by the demolition are concerned.  
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4. CASE STUDY 
4.1 Introduction 
The case study examined in this thesis refers to the examination of the 
environmental impacts that may occur from the management procedure of the various 
waste streams produced by the demolition of a residential five-floor building in 
Thessaloniki, Central Macedonia, Greece. The data used, which are the amounts of the 
CDW produced by the pre-mentioned demolition, were extracted from the paper of 
Banias et al. (2011).  
According to Banias et al., the expected CDW and the amounts of them are 
presented in the Table 2 below (2011).  
Table 2: CDW streams and amounts produced by the demolition of a 5-floor residential 
building in Thessaloniki, Greece (Banias et al., 2011) 
 EWC 
CODE 
MATERIALS 
EXPECTED QUANTITY 
PRODUCED (TON) 
1 17 01 01 Concrete 1778.8 
2 17 01 02 Bricks 90.3 
3 17 01 03 Ceramic tiles 15.8 
4 17 01 03 Sanitary ware 1.4 
5 17 01 03 Marbles 8.4 
6 17 02 01 Wood 4.1 
7 17 02 02 Glass 2.5 
8 17 02 03 Plastic (pipes) 0.3 
9 17 04 02 Aluminium 8.6 
10 17 04 05 Iron and steel (heating coil) 1.1 
11 17 04 05 Iron and steel (boiler) 0.3 
12 17 04 05 Iron and steel (pipes) 1.5 
13 17 04 11 Cables 0.2 
14 17 06 04 Insulation materials 1.5 
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Five (5) scenarios were examined, which implement various combinations of 
either landfilling or recycling the amounts of each waste stream produced. The 
scenario No1 refers to the landfilling of all waste streams produced by the demolition, 
the scenario No2 refers to the recycling of the recyclable waste streams, such as 
plastic, glass, wood and metals, and to the landfilling of the other waste streams, the 
scenarios No3 adds to the scenario No2 the recycling of the concrete produced, the 
scenario No4 adds to the scenario No3 the recycling of the bricks and the ceramics 
produced and finally the scenario No5 refers to the recycling of all the waste streams 
produced by the demolition of the building. The exported results implement the 
quantification of the environmental impacts provoked in each scenario examined, 
which helps identifying the best one as far as the minimization of them is concerned.   
The aim of the case study is to analyze the above mentioned five (5) different 
waste treatment scenarios by the Life Cycle Assessment tool. SimaPro software based 
on input-output materials flow. SimaPro, a popular software for indicating 
envrionmental degradation from various impact categories, will be used to assess the 
environmental impacts of each scenario. 
4.2 Reference area 
The case study examined refers to the environmental impacts that may occur 
from the management procedure of the waste produced by the demolition of a 
residential five-floor building in Thessaloniki, Central Macedonia, Greece, as it was 
mentioned above. Central Macedonia is a region in the north of Greece, with a 
population of 1,882,108 residents, according to the census of 2011 (National Statistical 
Service of Greece (NSSG), 2011). Central Macedonia consists of seven (7) regional 
unities, among which is the one of Thessaloniki. 
 As far as the total quantity of CDW produced per year in the region, it is 
directly dependent on building activity in that year. The creation of new buildings as 
well as the demolition of old ones with the aim of creating new ones is the main factor 
of increasing or decreasing the annual quantity of CDW produced. In the Table 3 below 
data on construction activity in the Region of Central Macedonia from 2000 to 2014 
are presented.  
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Table 3: Elements of building activity for the Region of Central Macedonia, 2000-2014 (Source: 
NSSG). 
YEAR 
SQM OF NEW 
CONSTRUCTIONS (SQM) 
ADDITIONS TO 
EXISTING BUILDINGS 
(SQM) 
NUMBER OF 
DEMOLITIONS 
2000 647.129 107.413 131 
2001 3.167.634 465.037 567 
2002 3.415.155 416.000 678 
2003 3.350.896 457.643 672 
2004 3.494.551 450.745 792 
2005 5.090.603 483.889 1.089 
2006 3.633.721 511.233 825 
2007 2.894.732 517.085 581 
2008 2.289.057 447.013 490 
2009 1.509.482 318.381 434 
2010 1.420.710 321.627 370 
2011 601.730 298.479 197 
2012 346.595 403.608 110 
2013 239.902 266.728 103 
2014 227.111 200.054 103 
 
It’s noted a significant reduction in the number of new constructions in the 
years 2011-2014 due to the country's economic crisis in Greece, a decline that has 
been reversed in the past three years, with an increase in the number of new buildings 
not only in the Central Macedonia Region but also in other regions throughout Greece. 
Table 4 below shows data on construction activity per Region of Greece in the years 
2016-2017 and 2017-2018. 
It’s noticed that in the last 3 years the building activity both in Greece and in 
the reference area has increased. Therefore, the establishment of alternative CDW 
practices seem more than urgent in order to gain benefits in terms of environmental, 
but economic and social prosperity too. 
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Table 4: Elements of building activity for Greece in total and for the Region of Central 
Macedonia, 2015-2017 (Source: National Statistical Service of Greece (NSSG, 1999). 
NEW BUILDINGS CONSTRUCTED (NUMBER AND SQUARE METERS)   
  
  
2015 2016 2017 
a/a 
Surface 
(sqm)  
a/a Surface (sqm) a/a Surface (sqm) 
GREECE              4.618 1.301.613 4.305 1.286.560 4.930 1.685.326 
REGION OF 
CENTRAL 
MACEDONIA    
576 190.234 549 183.273 592 257.244 
 
4.3 Description of the scenarios examined 
The five (5) scenarios examined in the case study describe various management 
options of the CDW produced by the demolition of the five-floor residential building in 
Thessaloniki, Central Macedonia. The waste streams produced are depicted in Table 2, 
which was presented in previous paragraph. Creating the management scenarios, the 
base thought was to achieve the comparison of the environmental burden or 
improvement that the successive increase of the percentage of recycle bring to the 
results.  
To be more analytical, scenario 1 starts with the assumption that all the 
materials produced by the demolition are transferred, without previous on-site 
sorting, to an inert material landfill.  
Scenario 2 assumes that all the materials are firstly sorted on-site and the 
wood, glass, plastic, aluminium and metals produced are driven to recycling. The 
materials left are driven to an inert material landfill.  
Scenario 3 adds to the amount of the materials that are driven to recycling the 
total amount of the concrete produced by the demolition. 
Scenario 4 adds to the amount of the materials that are driven to recycling the 
amount of bricks and ceramics that are produced by the demolition. 
Finally, in Scenario 5 all the materials produced by the demolition are driven to 
recycling plants, after being sorted on-site.  
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In Table 5 that follows a short description of the five (5) scenarios that takes 
place, by demonstrating the exact EWC Code and amount of each material that 
participate in each scenario. 
Table 5: Materials produced by the demolition of the five-floor building and their participation 
to each management scenario (Banias et al., 2011) 
 
EWC 
CODE 
MATERIALS  (TON) SCENARIO’S ASSUMPTION 
1 17 01 01 Concrete 1778.8 
Scenario 1: All the materials are 
landfilled 
Scenario 2: Materials 1-5 and 13-14 are 
landfilled & materials 6-12 are recycled 
Scenario 3: Materials 2-5 and 13-14 are 
landfilled & materials 1 and 6-12 are 
recycled 
Scenario 4: Materials 13-14 are 
landfilled & materials 1-12 are recycled 
Scenario 5: All the materials are 
recycled 
2 17 01 02 Bricks 90.3 
3 17 01 03 Ceramic tiles 15.8 
4 17 01 03 Sanitary ware 1.4 
5 17 01 03 Marbles 8.4 
6 17 02 01 Wood 4.1 
7 17 02 02 Glass 2.5 
8 17 02 03 Plastic (pipes) 0.3 
9 17 04 02 Aluminium 8.6 
10 17 04 05 Iron and steel 
(heating coil) 
1.1 
11 17 04 05 Iron and steel 
(boiler) 
0.3 
12 17 04 05 Iron and steel 
(pipes) 
1.5 
13 17 04 11 Cables 0.2 
14 17 06 04 Insulation 
materials 
1.5 
4.4 Conduction of the LCA 
4.4.1 Introduction 
Nowadays, waste management seems to be more urgent that ever, a reality 
that is depicted in the recent application of stricter regulation on the issue. Waste 
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management constists of many different parameters to be controlled, which makes it a 
complex phenomenon for all the various stakeholders involved in the proccess but also 
for the society itself (Ekvall et al., 2007). One of the above-mentioned parameters to 
control is the environmental impact that its one of the various treatment methods 
provoke (Ekvall et al., 2007). One of th most famous tools for conducting an 
environmental impact assessment of the treatment methods mentioned above is life-
cycle assessment (LCA) (Ekvall et al., 2007). 
Life cycle Assessment (LCA) is a methodology widely used in the waste 
management field in oder to identify the best, as fas as the minimization of negative 
environmental impacts is concerned, management tecnhique (Laurent et al., 2014). 
LCA consists a “decision-making” tool which could be used in order to integrate 
sustainability aspects and concerns into various activity sectors, one of which is the 
construction industry too (Yeheyis et al., 2013). Applying LCA in the construction sector 
could be valuable to identfy the environmental load of the various conctruction 
processes and materials used during these processes (Yeheyis et al., 2013). 
Through the conduction of the LCA proccess the design and the evaluation of 
each one of the five (5) different scenarios is going to be achieved. 
4.4.2 Goal and scope 
In the framework of this thesis, a Life Cycle Assessment is conducted in order to 
indicate the environmental burden that five (5) different scenarios of  treatment of the 
CDW produced by the demolition of a five-floor residential building in Thessaloniki 
(reference building) provoke. As it is clearly understood, only the end-of-ife phase of 
the reference building is implemented in the LCA proccess. The goal of the study is to 
evaluate the environmental impacts of the end-of-life phase of the reference 
residential building, focusing on the management of the CDW produced, applying the 
methods of either recycling or landfilling or with the combination of them.  
To achieve the prementioned evaluation five (5) different scenarios of 
management of the various waste streams generated by the demolition were 
examined. The scope of the study is to identify the best treatment scenario in terms of 
environental performance. 
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4.4.3 Functional Unit 
The functional unit of the study is the management of 1 ton of CDW, which are 
either landfilled of recycled, according to the scenarios  that were described in 
paragraph 4.3. The materials contained in the generated CDW include concrete, bricks, 
ceramic tiles, sanitary ware, marbles, wood, glass, plastic, aluminium, iron and steel, 
cables and insulation materials. 
4.4.4 System boundaries 
As it was analytically mentined in the previous paragraphs, the case study 
describe five (5) different scenarios of managing the CDW produced by the demolition 
of a five-floor residential building in Thessaloniki, Central Macedonia. The system 
boundaries of each scenarios examined are schematically shown in Figure 1. 
 
Figure 2: Schematic flowchart of the system boundaries of the case study 
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The system that describes the various proccesses starts immediatelly after the 
demoltion of the building and ends just after the transportation of the proccessed and 
recycled materials to a certain place for being sold or further exloited. The system 
boundaries do not include the proccess of demoltion of the building or the further 
exploitation of the materials in other infrastructure proccesses after being recycled.  
4.4.5 Life Cycle Inventory (LCI) 
The five (5) scenarios examined in the case study, as they are depicted in the 
system boundaries’ figure presented above, obviously provoke different 
environmental consequences as they include different practices and steps to be 
followed. To be able to compare the consequences that each scenario provokes, an 
LCA was carried out using the SimaPro 7 software. The database used was the one of 
Ecoinvent v2.2 that was avaiiable in the software. The Ecoinvent database includes LCI 
information and data from various economic fields and a great variety of known often 
used worldwide methods (Frischknecht et al., 2004). To be more specific, the 
Ecoinvent database “contains 4100 datasets of products and services from the energy, 
transport, building materials, chemicals, pulp and paper, waste treatment and 
agricultural sector” (SimaPro 7 software). The inventory for each one the scenarios 
analyzed, was created in accordance to the chosen Ecoinvent database, which is 
designed to offer Life Cycle Inventory (LCI) and Life Cycle Impact Assessment (LCIA) 
conclusions and results. 
The case study aims to find, through comparative analysis, the best 
combination of managing the CDW produced by the demolition as far as the 
minimization of the environmental consequences, that its one brings, are concerned. 
To achieve that the five (5) different scenarios of management practices were 
examined by using SimaPro software. Before entering the data collected in the 
software several assumptions were made, as far as the process that is followed in 
every scenario is concerned. In every scenario the process of demolishing the building 
is excluded and the transportation and treatment process of each one of them is 
included in the system boundaries. In all scenarios examined, we assume that the 
transportation is being held with a “16-32tn lorry, EURO 5, diesel technology” 
according to the given library of SimaPro software for road transportations. The 
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prementioned mean of transport include in the results extracted indicators for the 
operation of the vehicle (production, maintenance and disposal) and the construction, 
maintenance and disposal of the road.  
More analytically, in Scenario 1 all the materials produced by the demolition 
are transferred, without previous on-site sorting, to an inert material landfill. The 
distance between the demolition point and the inert material landfill is assumed to be 
30km.  
According to the SimaPro library options, it has been selected for all scenarios 
that imply landfill processes an inert material landfill facility for “inert, insoluble, 
largely unpolluted, mostly mineral wastes like bricks, concrete, excavation material 
with carbon content below 5%” (SimaPro 7 available library). The landfill is assumed to 
have the possibility to reach a 450.000,00 m3 volume and an average waste density of 
1500kg/m3. In addition, in all the scenarios examined the materials are assumed to be 
transferred with a lorry of 16-32tn, as mentioned above, both from the demolition 
point to the landfill or the recycling plant and from the recycling plant to the final user 
of the recycled materials. 
In Scenario 2 all the materials are firstly sorted on-site and the wood, glass, 
plastic, aluminium and metals produced are driven to recycling. The materials left are 
driven to an inert material landfill. In the conduction of the LCA the energy for sorting 
on-site the waste produced was taken into consideration. In addition, the energy and 
fuels for recycling the materials that weren’t driven to landfill was taken into 
consideration. The sorting plant chosen from the library of SimaPro 7 is a “sorting plant 
with a construction waste throughput of 200.000,00 tons per year and an operation 
time for 50 years, that uses a jaw or impact crusher to recycle waste” (SimaPro 7 
available library). The distance between the demolition point and the landfill one was 
assumed to be 30km, the distance between the first one and the recycling plant was 
assumed to be 10km and the distance between the recycling plant and the final user or 
place of exploitation of the recycled materials was assumed to be 10km too. 
The difference of Scenario 2 and 3 is that in Scenario 3 the concrete produced 
by the demolition is also recycled. The distance between the demolition point and the 
recycling plant for concrete is assumed to be 20km. In the conduction of the LCA the 
energy, fuels and lubricant oil spent for crushing and recycling the concrete was taken 
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into consideration. For waste categories 1-5 and 13-14 from Table 2, the crusher 
selected by the library of SimaPro 7 can manage 454 tons of waste per hour, that uses 
as a basis the “Rock crusher type Nordberg HP400 SX produced in the USA in 1999” 
(SimaPro 7 available library). 
In Scenario 4 the recycling of the bricks and ceramics produced are added to 
the recycling process. For the bricks, the distance between the demolition point and 
the recycling plant was assumed to be 25km and the distance between the last one 
and the final user point 20km. For the ceramics, the distances were 40km and 20km 
respectively. The energy, fuels and lubricant oil for crushing and recycling the bricks 
and ceramics was included in the LCA process. 
In Scenario 5, all the materials produced by the demolition are driven to 
recycling. The cables and the insulation materials were transported to the recycling 
plant in a distance of 40km and then transported to the final user of the recycled 
materials in a distance of 30km. The energy, fuels and lubricant oil for recycling them 
in the recycling plant was taken into consideration. 
In Scenarios 2-5 that include recycling processes there was excluded the impact 
of the leftovers in the recycling plant and was assumed that if a ton of concrete is 
entered into the recycling plant, a ton of gravel exits the recycling plant in order to be 
driven to the final user of exploiting point. In addition, in Scenarios 2-5 it’s assumed 
that the produced CDW are firstly sorted on-site by category or stream and then are 
transported to the suitable treatment plant. Due to luck of data in the SimaPro 
database, the process of the on-site sorting is assimilated with a “sorting plant with a 
construction waste throughput of 200.000,00 tons per year and an operation time for 
50 years”. 
In addition, all the waste produced by the demolition (materials 1-14 of Table 
2) were assimilated with materials from the database of SimaPro software. For 
recycling the materials 6-12 (wood, glass, plastic and metals) the recycling plant was 
assimilated to the sorting plant of the database of SimaPro. Respectively, the recycling 
plant of all the other waste (materials 1-5 and 13-14) was assimilated with the crushing 
site of the database. 
The lorries that were used in each process are 16t ones of EURO 5 class, diesel 
technology. In the case study the assumption that the lorries do not return in the 
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production site for transporting more waste is made. For each new necessary 
transport, a new vehicle is used. The cost of each lorry is not taken into consideration. 
The emissions of each lorry are integrated in the processes selected in the SimaPro 
libraries.  
Table 6 below shortly describes the inputs of each one of the scenarios include, 
on which the results of each scenario depend. 
Table 6: Description of the scenarios examined, inputs included 
a/a 
Materials 
included 
Waste 
management 
processes 
On-
site 
sorting 
Transportation Means 
Reuse 
potential 
Scenario 
1 
1) Concrete 
2) Bricks 
3) Ceramic 
tiles 
4) Sanitary 
ware 
5) Marbles 
6) Wood 
7) Glass 
8) Plastic 
(pipes) 
9) 
Aluminium 
10) Iron 
and steel 
(heating 
coil) 
11) Iron 
and steel 
(boiler) 
12) Iron 
and steel 
(pipes) 
13) Cables 
14) 
Insulation 
materials 
Landfilling all  30km 
- Lorry 16-32tn, 
EURO 5 
- Inert material 
landfill 
 
Scenario 
2 
Landfilling 1-5 
and 13-14 
✓ 30km 
- Lorry 16-32tn, 
EURO 5 
- Inert material 
landfill 
 
Recycling 6-12 ✓ 10km 
- Lorry 16-32tn, 
EURO 5 
- Sorting plant for 
metals 
✓ 
Scenario 
3 
Landfilling 2-5 
and 13-14 
✓ 30km 
- Lorry 16-32tn, 
EURO 5 
- Inert material 
landfill 
 
Recycling 1 
and 6-12 
✓ 
1 -> 20km 
6-12 -> 10km 
- Lorry 16-32tn, 
EURO 5 
- Sorting plant for 
metals (6-12) 
- Crushing plant for 
concrete (1) 
✓ 
Scenario 
4 
Landfilling 13-
14 
✓ 30km 
- Lorry 16-32tn, 
EURO 5 
- Inert material 
landfill 
 
Recycling 1-12 ✓ 
1 -> 20km 
2 -> 25km 
3-5 -> 40km 
6-12 -> 10km 
- Lorry 16-32tn, 
EURO 5 
- Sorting plant for 
metals (6-12) 
- Crushing plant for 
1-5 
✓ 
Scenario 
5 
Recycling all ✓ 
1 -> 20km 
2 -> 25km 
3-5 -> 40km 
6-12 -> 10km 
13-14 -> 40km 
- Lorry 16-32tn, 
EURO 5 
- Sorting plant for 
metals (6-12) 
- Crushing plant for 
1-5 and 13-14 
✓ 
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4.4.6 Life Cycle Impact Assessment (LCIA) 
The Life Cycle Impact Assessment (LCIA) of the case study was implemented by 
using the CML 2001 method, an LCIA method that is included in the Ecoinvent 
database which is found in the SimaPro software that was used. The software through 
its availiable databases provides the means to assess alternative waste management 
methods and compare the results extracted. The alternative CDW management 
methods include combinations of recycling and ladfilling the waste produced by the 
demolition of the five-floor residential building. 
More analytically, the CML 2001 consists an Impact Assessment method 
internationally recognised, that adresses environmental issues (Milutinović et al., 
2017). According to Milutinović et al. the method is enough reliable and drives to 
reasonable and scientifically-based results (2017). CML 2001 methods constists of six 
(6) different impact categories through whch the inventory data and results are 
categorized (Milutinović et al., 2017). According to Milutinović et al. the six (6) impact 
categories are shortly described as following (2017): 
• Abiotic Depletion Potential (ADP): refers to the potential that certain 
abiotic resources are saved thanks to the application of recycling and recovery of 
materials, that substitute virgin raw materials. The higher the potential the more the 
procedure of recycling has positively contributed.  
• Global Warming Potential (GWP100): refers to the emmisions of 
greenhousegases over a period of 100 years. In the greenhousegases are included 
emmisison like fossil CO2,N2O and CH4, that contributes to global warming. 
• Human Toxicity Potential (HTP): refers to the negative impact that the 
emmision of toxic substances in the atmosphere provoke as far as the humans’ health 
is concerned. Some of the emissions produced by the waste management with the 
higher impact are dioxins, Ba and Sb and heavy metals (Cr(VI), Hg, Ni, Cu). 
• Photochemical Oxidation Potential (POCP): includes the “emissions of 
NMVOC and CH4 from landfills and NOx and CO from thermal processes” that arise 
from waste management practices.  
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• Acidification Potential (AP): includes the “emissions of NOx from 
thermal proccesses, NH3 from biological processes and SO2 from electricity 
production” that arises from waste management practices.  
• Eutrophication Potential (EP): refers to the increase of the sypply of 
organic materials in the ecosystems caused due to certain nutrients. The various waste 
management practices are responsible for the emissions of NOx, NH3, P and N to 
water due to biological procceses.  
However, other impact categories exist too, like freshwater aquatic ecotox, 
marine aquatic ecotox, terrestrial ecotoxicity, marine sediment ecotox, fresh sediment 
ecotox, ionising radiation, land competition, photochemical oxidation, malodours air, 
equal benefit incremental reactivity and ozon incremental reactivity (SimaPro 
database). Table 7 that follows summarizes the total impact categories that each one 
of the scenarios examined may influence, using CML 2001 method. 
Table 7: Impact categories influenced in every scenario examined (CML 2001 method) 
Possibility that an examined scenario may influnce an impact category 
using CML 2001 methodology 
Impact category Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 
Abiotic Depletion 
Potential 
✓ ✓ ✓ ✓ ✓ 
Global Warming 
Potential 
✓ ✓ ✓ ✓ ✓ 
Human Toxicity 
Potential 
✓ ✓ ✓ ✓ ✓ 
Photochemical 
Oxidation Potential 
✓ ✓ ✓ ✓ ✓ 
Acidification 
Potential 
✓ ✓ ✓ ✓ ✓ 
Eutrophication 
Potential 
✓ ✓ ✓ ✓ ✓ 
Ozon Layer Depletion ✓ ✓ ✓ ✓ ✓ 
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Fresh water aquatic 
ecotox 
✓ ✓ ✓ ✓ ✓ 
Marine aquatic 
ecotox 
✓ ✓ ✓ ✓ ✓ 
Terrestrial ecotoxicity ✓ ✓ ✓ ✓ ✓ 
Marine sediment 
ecotox 
✓ ✓ ✓ ✓ ✓ 
Fresh water sediment 
ecotox 
✓ ✓ ✓ ✓ ✓ 
Average European (kg 
NOx eq) 
✓ ✓ ✓ ✓ ✓ 
Average European (kg 
SO2 eq) 
✓ ✓ ✓ ✓ ✓ 
Land competition ✓ ✓ ✓ ✓ ✓ 
Ionising radiation ✓ ✓ ✓ ✓ ✓ 
Malodours air ✓ ✓ ✓ ✓ ✓ 
Equal benefit 
incremental reactivity 
✓ ✓ ✓ ✓ ✓ 
Ozon incremental 
reactivity 
✓ ✓ ✓ ✓ ✓ 
 
As it’s depicted in Table 7 above, the possibility of occuring an impact category 
exist in every scenario examined. The difference between the various scenarios exist 
on whether the possibility of an impact category occuring is positive or negative. In 
other words, what it matters is whether a scenario brings a positive change to a certain 
impact category or whether it provokes a negative one. Additionally the percentual 
difference between the contribution of each scenario in a certain impact category 
gives sight to the desicion making process that implies the choice of the most 
sustainable scenario. 
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5. RESULTS AND DISCUSSION 
5.1 Introduction 
As was analytically mentioned in the previous chapters, in the framework of 
this thesis, a Life Cycle Assessment is conducted in order to indicate the environmental 
burden that five (5) different scenarios of treatment of the CDW produced by the 
demolition of a five-floor residential building in Thessaloniki (reference building) 
provoke.  In order to assess and quantify the environmental burden provoked by each 
scenario examined in the case study, SimaPro 7 software and the Ecoinvent database it 
offers were used. The software through its availiable databases provides the means to 
assess alternative waste management methods and compare the results extracted. 
CML 2001 method was used in order to classify the various impact categories 
examined and the results taken from the inventory data. The impact assessment 
results are presented in the next chapters. The results are based on certain 
assumptions that were made in the inventory data, which are analytically explained 
 5.2 Network and impact assessment results 
5.2.1 Introduction 
SimaPro provides the user with the ability to visually see the outcomes of the 
running processes that have been made through the “Network Results”. The “Network 
Process” in fact is a flow chart which depicts the contribution of each environmental 
impact in every scenario created graphically. 
For every scenario examined in the framework of this thesis, a network process 
was generated that shows the flows, positive or negative, of the impacts that each 
input creates. The network process is directly connected to the inputs in every 
scenario and their weight as far as the results are concerned. 
In order to assess the environmental impacts that each management scenario 
provoke, an LCA study was conducted using the CML 2001 method for the necessary 
calculations of the environmental burden. According the software’s way of depiction of 
the results, the positive values of the impact assessment process imply a negative 
environmental burden and the positive values imply a positive environmental impact 
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(Rigamonti et al, 2013). As was mentioned in the previous paragraphs, the main impact 
categories in the CML 2001 method are Abiotic depletion (ADP), Acidification (AP), 
Eutrophication (EP), Global Warming (GWP100), Human Toxicity Potential (HTP) and 
Photochemical Oxidation Potential (POCP) (Milutinović et al., 2017). Of course, there 
are other impact categories too, which are included in the library of SimaPro database. 
The magnitude of the various impacts of each scenario described may easily be 
compared by the normalization of the characterized results, which helps the 
association of the total environmental impact in a given region for a given period of 
time (Milutinović et al., 2017). For each scenario described below, the normalized 
results are presented, as extracted by the CML 2001 method application. 
5.2.2 General findings 
The five (5) scenarios examined in the case study consist waste treatment 
scenarios that include procedures of landfilling, sorting, crushing and transporting the 
CDW produced by the demolition of the five-floor residential building. In every 
scenario one or two transport processes have been included. In any case the transport 
processes add an environmental load in the total amounts of environmental 
consequences of each scenario, since they include fuel consumption and emissions to 
the atmosphere.  
Additionally, all the scenarios are waste treatment or disposal scenarios, which 
means that by their nature provoke impacts to the environment. On the one hand, the 
disposal carries all the impacts that the landfilling of materials implies. On the other 
hand, recycling processes also carry an environmental burden, which may occur by the 
usage of the treatment equipment (energy consumption, fuel consumption, processing 
residues) and the on-site sorting process that happen at the production point. 
Moreover, all recycling scenarios (viz No 2 to 5) include two (2) transport processes, 
one from the demolition point to the recycling plant and one for the transporting of 
the recycled materials from the recycling plant to the final user’s point. The double 
transport process automatically adds an environmental burden to the results, in 
respect to the disposal scenario (No 1), where only one transporting process is 
happening. However, despite that fact, the recycling scenarios definitely give better 
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results from the disposal scenario, since the benefits of reusing the recycling materials 
are enormous and depend on the recycling percentage that each scenario imply. 
In the next paragraphs, the network process for each scenario is depicted. It’s 
mentioned that the red line shows the environmental burden of a certain process or 
activity. On the other hand, the green line shows the environmental benefits arise 
from a certain scenario. It should be mentioned that, due to the large amount of 
inputs in every scenario, in the network results not all products included (inputs or 
outputs) are visible in the depiction. 
5.2.3 Scenario 1 
In Scenario 1 all the CDW produced by the demolition of the residential 
building (Table 2) are driven in an inert material landfill 30km far away from the 
demolition point.  Figure 3 consists the network chart of scenario’s No1 assembly. As it 
can be easily noted, the inert material landfill process represents also the 100% of the 
environmental burden that the whole scenario provokes. The transport process 
contributes also to the total environmental burden, but its contribution is extremely 
low in respect with the one of the landfilling processes. 
 
Figure 3: Network flowchart for the assembly process of Scenario 1 
In addition, since in the scenario the materials are chosen from the existing 
database, each one of them include inputs for their manufacturing, consumption of 
energy, fuels etc, and gives certain outputs to the environment, that depend on the 
manufacturing process, the materials used, the lifespan of each one of them etc. For 
this reason, the waste materials used in the scenarios are depicted in the network 
process and each one of them contribute with a certain percentage to the total 
environmental burden provoked. 
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The normalized values of scenario 1 are presented in Figure 4 below. The long-
term impacts and the impacts with factor zero have been excluded. 
 
Figure 4: Normalized results for the assembly process of Scenario 1 (CML 2001 method) 
As it’s depicted in Figure 4 above, the inert material landfill of the CDW 
produced by the demolition create only negative impact in the environment, 
contributing firstly to the abiotic depletion and then to the deterioration of the global 
warming of the planet. 
5.2.4 Scenario 2 
In Scenario 2 the CDW produced by the demolition of the residential building 
(Table 2) are firstly sorted on site and then the wood, glass, plastic and metals (ferro or 
not) are driven in a recycling plant 10km away from the demolition point. The 
materials produced after the recycling process are then channeled to the recycled 
materials selling point that is assumed to be 10 km away from the recycling plant. The 
rest of the CDW produced are driven in an inert material landfill which is 30km away 
from the demolition point. Figure 5 illustrates the network process for the disposal 
phase of scenario 2. 
As it can easily be noticed in the outcome of the scenario, the recycling process 
included in it starts to contribute with positive results as far as the total environmental 
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burden is concerned. Channeling the recycled materials into the market, we gain the 
benefits arise from the avoidance of extracting virgin raw materials.  
 
Figure 5: Network flowchart for the disposal phase of Scenario 2 
However, since the wood, glass, plastic, aluminium and iron, which are the 
materials that are driven to recycling in this scenario, consist only the 0.96% of the 
total CDW produced by the demolition, the landfilling process of the rest of the waste 
contribute with a significant environmental load to the total environmental burden 
provoked. Summarizing, the inert material landfilling process contributes with a 
negative percentage of 95,6% and the recycling process of the wood, glass, plastic and 
metals contribute with a positive percentage of 0.978%. The on-site sorting of the 
CDW produced and the function of the recycling plant of the prementioned waste add 
an environmental load of 4,06%. The transport process gives a negative impact in this 
scenario too, but its contribution seems negligible compare to the rest of the negative 
impacts. 
The normalized values of scenario 2 are presented in Figure 6. The long-term 
impacts and the impacts with factor zero have been excluded. As it’s depicted, 
Scenario 2 continues to create negative impact to the environment as Scenario 1 does 
too, since the percentage of recycling reaches only the 0.96%. The negative impacts 
appear firstly to the abiotic depletion and then to the deterioration of the global 
warming of the planet. However, even this minimum percentage of 0.96% of recycling 
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creates benefits to the abiotic depletion, increasing the potential that certain abiotic 
resources are saved thanks to the application of recycling and recovery of materials, 
that substitute virgin raw materials. Certain benefits are also met in the impacts 
categories of acidification, eutrophication, global warming, ozone layer depletion, 
where no negative consequences are met, human toxicity etc., according to the results 
of Figure 6.   
 
Figure 6: Normalized results for the disposal phase of Scenario 2 (CML 2001 method) 
5.2.5 Scenario 3 
In Scenario 3 the CDW produced by the demolition of the residential building 
(Table 2) are firstly sorted on site and then the concrete, wood, glass, plastic and 
metals (ferro or not) are driven in recycling plants. The materials produced after the 
recycling process are then channeled to the recycled materials selling points. The rest 
of the CDW produced are driven in an inert material landfill which is 30km away from 
the demolition point. The recycling plant for the concrete is assumed to be 20km away 
from the demolition point and the recycled materials point is assumed to be 15km 
away from the treatment plant. Respectively, the distances for the wood, glass, plastic 
and metals are 10km and 10km. Figure 7 illustrates the network process for the 
disposal phase of scenario 3. 
As it can easily be noticed in the outcome of the scenario, the recycling process 
included in it contribute with a strongly positive percentage in the results as far as the 
total environmental burden is concerned. Channeling the recycled materials into the 
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market, we gain the benefits arise from the avoidance of extracting virgin raw 
materials.  
In addition, since the concrete recycled in this scenario consists the 92.9% of 
the total CDW produced by the demolition, the recycling process creates positive load 
to the total environmental impact. Even the inert material landfilling process 
contributes with a positive percentage, even though it provokes certain environmental 
burden too, since the total waste that are driven to the landfill consists only the 6.14% 
of the total waste produced by the demolition. The transport process produces an 
environmental load of 0.000861% to the environment. 
 
Figure 7: Network flowchart for the disposal phase of Scenario 3 
The normalized values of scenario 3 are presented in Figure 8 below. The long-
term impacts and the impacts with factor zero have been excluded. 
Scenario 3 is the first one where the percentages of recycling have significantly 
been increased, a fact that is clearly depicted at Figure 8, where the normalized values 
in the various impact categories are in their overwhelming majority positive (negative 
values means positive results). The increased positive value of the abiotic depletion 
impact category tends to counterbalance the minimum negative impacts that 
continues to exist in this scenario too. 
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Figure 8: Normalized results for the disposal phase of Scenario 3 (CML 2001 method) 
5.2.6 Scenario 4 
In Scenario 4 the CDW produced by the demolition of the residential building 
(Table 2) are firstly sorted on site and then the concrete, bricks, ceramics, wood, glass, 
plastic and metals (ferro or not) are driven in recycling plants.  
 
Figure 9: Network flowchart for the disposal phase of Scenario 4 
The materials produced after the recycling process are then channeled to the 
recycled materials selling points. The rest of the CDW produced are driven in an inert 
material landfill which is 30km away from the demolition point. The recycling plant for 
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the concrete is assumed to be 20km away from the demolition point and the recycled 
materials point is assumed to be 15km away from the treatment plant. Respectively, 
the distances for the bricks are 25km and 20km away, the distances for the ceramics 
are 40km and 20km away and the wood, glass, plastic and metals are 10km and 10km 
away. Figure 9 illustrates the network process for the disposal phase of scenario 4. 
As it can easily be noticed in the outcome of the scenario, the recycling process 
included in it contribute with a strongly positive percentage in the results as far as the 
total environmental burden is concerned. Channeling the recycled materials into the 
market, we gain the benefits arise from the avoidance of extracting virgin raw 
materials. 
In addition, since the materials recycled in this scenario consists the 99.91% of 
the total CDW produced by the demolition, the recycling process creates positive load 
to the total environmental impact. Even the inert material landfilling process 
contributes with a positive percentage, even though it provokes certain environmental 
burden too, since the total waste that are driven to the landfill consists only the 0.09% 
of the total waste produced by the demolition. The transport process produces an 
environmental load of 0.00215% to the environment. The environmental burden of the 
transporting process is directly connected to the tkm that every scenario is assumed to 
include. 
The normalized values of scenario 4 are presented in Figure 10 below. The long-
term impacts and the impacts with factor zero have been excluded. 
 
Figure 10: Normalized results for the disposal phase of Scenario 4 (CML 2001 method) 
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The results in Scenario 4 are pretty much similar to the results of Scenario 3 as 
far as the normalized values of the various impact categories are concerned. The 
percentage of recycling have been slightly increased. However, the normalized values 
in certain impact categories are lower than the same values in Scenario 3. This fact 
happens because in Scenario 4, four (4) more transporting processes take place, the 
contribution of which deteriorates the normalized values.  
5.2.7 Scenario 5 
In Scenario 5 the CDW produced by the demolition of the residential building 
(Table 2) are firstly sorted on site and then the total amount of waste are driven in 
recycling plants. The materials produced after the recycling process are then 
channeled to the recycled materials selling points. The recycling plant for the concrete 
is assumed to be 20km away from the demolition point and the recycled materials 
point is assumed to be 15km away from the treatment plant. Respectively, the 
distances for the bricks are 25km and 20km away, the distances for the ceramics are 
40km and 20km away, the distances for the wood, glass, plastic and metals are 10km 
and 10km away and for the cables and insulation materials 40km and 30km. Figure 11 
illustrates the network process for the disposal phase of scenario 5. 
 
Figure 11: Network flowchart for the disposal phase of Scenario 5 
Compare to the rest of the scenarios, scenario 5 is by difference the most 
preferable one as far as the minimization of the environmental burden is concerned. 
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The 100% of the waste produced are recycled and according to the assumption made 
the 100% of the amount of the recycled materials is reused. It’s reasonable that the 
consequences of this scenario are with overwhelming majority positive since in the 
recycling processes it’s assumed that there are no leftovers in the recycling plant and 
that if one ton of concrete is entered into the recycling plant, one ton of gravel exits 
the recycling plant in order to be driven to the final user of exploiting point. The same 
assumption has been applied to the recycling processes of the other scenarios too. 
The normalized values of scenario 5 are presented in Figure 12 below. The long-
term impacts and the impacts with factor zero have been excluded. 
 
Figure 12: Normalized results for the disposal phase of Scenario 5 (CML 2001 method) 
Scenario 5 consists the best management practice of the CDW produced by 
the demolition since it includes 100% of recycling, which means that any possible 
effort for exploiting to the maximum the potential of reusing the materials is done. 
This way of thinking implies great environmental benefits and helps the establishment 
of a secondary market of recycled raw materials. 
5.2.8 Comparison between the scenarios 
Table 8 that follows presents the characterized values in each impact category 
that the scenarios examined provoke. For each impact category a unit is attributed, 
according to the libraries of CML 2001 method that was used to compare the results. 
From the results of Table 8 the categories with factor equals to zero have been 
excluded. In addition, the long-term impacts in each category have been excluded too. 
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Table 8: Impact categories’ values for each scenario examined (CML 2001 method) 
Impact 
category 
Unit SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5 
Abiotic 
depletion 
kg Sb eq 88406316 -91259988 -9133999.8 -3747728.9 -3704480.2 
Acidificatio
n 
kg SO2 eq 29733090 -31299375 -3678742.6 -1861457.5 -1852686.7 
Eutrophicat
ion 
kg PO4--- 
eq 
6047727.9 -6294193.2 -676122.45 -307170.88 -304700.53 
Global 
warming 
20a 
kg CO2 eq 6.6611304E9 -7.0858579E9 -8.9814543E8 -4.9032539E8 -4.8906255E8 
Global 
warming 
100a 
kg CO2 eq 5.8010672E9 -6.1874171E9 -7.9866717E8 -4.4334849E8 -4.4240537E8 
Global 
warming 
500a 
kg CO2 eq 5.4347507E9 -5.8049204E9 -7.5646296E8 -4.2350399E8 -4.2269861E8 
Upper limit 
of net 
global 
warming 
kg CO2 eq 6.0250573E9 -6.4237915E9 -8.2696378E8 -4.5794916E8 -4.5694554E8 
Lower limit 
of net 
global 
warming 
kg CO2 eq 5.9837898E9 -6.369666E9 -8.1117385E8 -4.4478321E8 -4.4369007E8 
Ozone layer 
depletion 
5a 
kg CFC-11 
eq 
2015.512 -2016.4918 -144.15623 -21.968153 -20.372184 
Ozone layer 
depletion 
10a 
kg CFC-11 
eq 
2031.6061 -2032.1423 -144.85466 -21.695115 -20.082125 
Ozone layer 
depletion 
15a 
kg CFC-11 
eq 
2047.6702 -2047.7569 -145.54508 -21.415937 -19.785893 
Ozone layer 
depletion 
20a 
kg CFC-11 
eq 
2045.1272 -2044.8822 -145.0318 -21.05991 -19.428748 
Ozone layer 
depletion 
25a 
kg CFC-11 
eq 
2062.4198 -2061.8875 -145.97205 -20.954572 -19.306915 
Ozone layer 
depletion 
30a 
kg CFC-11 
eq 
2079.6515 -2078.82 -146.89617 -20.836922 -19.172705 
Ozone layer 
depletion 
40a 
kg CFC-11 
eq 
2095.2571 -2093.9087 -147.48645 -20.486036 -18.80449 
Ozone layer 
depletion 
steady 
state 
kg CFC-11 
eq 
2327.1243 -2324.6768 -162.85437 -21.808536 -19.931919 
Human 
toxicity 20a 
kg 1,4-DB 
eq 
1.3060859E9 -1.9729197E9 -7.5968152E8 -6.741649E8 -6.7947162E8 
Human 
kg 1,4-DB 
eq 
1.3118428E9 -1.9883045E9 -7.6971844E8 -6.8376121E8 -6.8915498E8 
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toxicity 
100a 
Human 
toxicity 
500a 
kg 1,4-DB 
eq 
1.3146639E9 -1.9913051E9 -7.7009851E8 -6.8396857E8 -6.893618E8 
Human 
toxicity 
infinite 
kg 1,4-DB 
eq 
1.5516313E9 -2.2350207E9 -7.936852E8 -6.9312657E8 -6.983953E8 
Freshwater 
aquatic 
ecotox. 20a 
kg 1,4-DB 
eq 
64709070 -1.0967586E8 -49563701 -45213092 -45589552 
Freshwater 
aquatic 
ecotox. 
100a 
kg 1,4-DB 
eq 
66726898 -1.1186312E8 -49876496 -45401958 -45778423 
Freshwater 
aquatic 
ecotox. 
500a 
kg 1,4-DB 
eq 
70508396 -1.1589169E8 -50392257 -45686139 -46061945 
Fresh water 
aquatic 
ecotox. 
infinite 
kg 1,4-DB 
eq 
76942271 -1.2289873E8 -51422913 -46321353 -46697490 
Marine 
aquatic 
ecotox. 20a 
kg 1,4-DB 
eq 
2.0617868E8 -2.3287323E8 -41342683 -28590326 -28680203 
Marine 
aquatic 
ecotox. 
100a 
kg 1,4-DB 
eq 
6.4338634E8 -7.0602286E8 -1.0835126E8 -68754182 -68837946 
Marine 
aquatic 
ecotox. 
500a 
kg 1,4-DB 
eq 
2.9070387E9 -3.1502086E9 -4.4973291E8 -2.7119962E8 -2.7119885E8 
Marine 
aquatic 
ecotoxicity 
infinite 
kg 1,4-DB 
eq 
3.3776348E11 -3.5196578E11 -3.8200422E10 -1.7590573E10 -1.7456732E10 
Terrestrial 
ecotoxicity 
20a 
kg 1,4-DB 
eq 
376515.8 -403800.58 -54043.017 -30959.982 -30919.834 
Terrestrial 
ecotoxicity 
100a 
kg 1,4-DB 
eq 
1182932.8 -1313267.3 -214410.06 -141463.89 -141762.36 
Terrestrial 
ecotoxicity 
500a 
kg 1,4-DB 
eq 
4127601.4 -4637486.3 -803258.61 -548203.98 -549769.94 
Terrestrial 
ecotoxicity 
infinite 
kg 1,4-DB 
eq 
12878114 -14568461 -2605730.5 -1809016.8 -1814845.9 
Marine 
sediment 
ecotox. 20a 
kg 1,4-DB 
eq 
3.3924296E8 -3.9508567E8 -79944844 -58848894 -59110229 
Marine 
sediment 
ecotox. 
kg 1,4-DB 
eq 
7.7575599E8 -8.7293525E8 -1.5229913E8 -1.0434925E8 -1.0465637E8 
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100a 
Marine 
sediment 
ecotox. 
500a 
kg 1,4-DB 
eq 
2.840754E9 -3.1096098E9 -4.7070953E8 -2.9594984E8 -2.9624634E8 
Marine 
sediment 
ecotox. 
infinite 
kg 1,4-DB 
eq 
2.8911342E11 -3.002867E11 -3.1714296E10 -1.4082331E10 -1.3958408E10 
Freshwater 
sediment 
ecotox. 20a 
kg 1,4-DB 
eq 
1.5839595E8 -2.9963116E8 -1.5248764E8 -1.4154152E8 -1.4275965E8 
Freshwater 
sediment 
ecotox. 
100a 
kg 1,4-DB 
eq 
1.6498242E8 -3.0948935E8 -1.5622732E8 -1.448508E8 -1.4609482E8 
Freshwater 
sediment 
ecotox. 
500a 
kg 1,4-DB 
eq 
1.7393874E8 -3.1904036E8 -1.5745837E8 -1.4553326E8 -1.4677582E8 
Freshwater 
sediment 
ecotox. 
infinite 
kg 1,4-DB 
eq 
1.8936991E8 -3.3636472E8 -1.6044807E8 -1.4756955E8 -1.4881783E8 
Average 
European 
(kg NOx eq) 
kg NOx eq 50264928 -51138615 -4444501.1 -1389173.5 -1357460.2 
Average 
European 
(kg SO2-Eq) 
kg SO2 eq 29643563 -31179523 -3642048.6 -1830478.7 -1821490.5 
Land 
competitio
n 
m2a 6.7815216E8 -2.1368636E9 -1.5068997E9 -1.4519072E9 -1.4652511E9 
Ionising 
radiation 
DALYs 5.4629541 -5.7561489 -0.68149894 -0.3475634 -0.34600103 
Photochem
ical 
oxidation 
kg C2H4 
eq 
1359374.5 -1591528.4 -328735.19 -244122.26 -245249.29 
Photochem
ical 
oxidation 
(low NOx) 
kg C2H4 
eq 
1232904.5 -1503539.5 -358225.33 -280912.19 -282506.2 
Malodours 
air 
m3 air 2.438346E14 -2.5573983E14 -2.9225898E13 -1.4331473E13 -1.4250582E13 
Equal 
benefit 
incrementa
l reactivity 
kg formed 
O3 
1632840.1 -1892307 -375465.77 -274015.03 -275184.24 
Max. 
incrementa
l reactivity 
kg formed 
O3 
989642.91 -1105324.1 -185985.46 -124893.19 -125206.1 
Max. ozone 
incrementa
l reactivity 
kg formed 
O3 
1389191.9 -1593607.6 -303105.25 -216948.18 -217787.46 
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Since in scenario 1 there’s no reuse potential, Table 8 includes the assembly 
results in the values of each impact category for scenario 1, while for the other 
scenarios it included the reuse results exported from the software. It’s clearly depicted 
that as we move from scenario 1 to scenario 2 to scenario 3 etc., the results in the 
impact category are getting from the better to the best. Scenario 5 consists the 
optimal solution in the decision-making process, since it includes the largest amounts 
of recycling and reusing the waste produced by the demolition. Even moving from 
scenario 1 to scenario 2, where it starts existing a percentage of recycling part of the 
CDW, the values in each impact category are obviously improved. Of course, the total 
impact, positive or negative, differs from category to category, a differentiation that 
happens due to the inputs and outputs that are contained in each impact category, 
according to the CML 2001 library. 
Figure 13 that follows graphically depicts the total impact of each scenario in 
the main impact categories referred in paragraph 4.4.6. 
 
Figure 13: Characterized results of each scenario in the main impact categories of paragraph 
4.4.6 (CML 2001 method) 
It’s mentioned that in Figure 13 the impact categories with factor zero are 
excluded as well as the long-term impacts too. The positive values indicate an 
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environmental burden while the negative one indicates an environmental benefit. 
Scenario 1 provokes only environmental burdens since all the CDW produced by the 
demolition are landfilled, while the other scenarios bring environmental benefits from 
the management process applied. Moving from scenario 2 to scenario 5, it’s clearly 
seen that the total environmental benefit is being increased.  
However, it must be noticed that the analysis made for each scenario include 
only the examination of the environmental aspects included in the decision-making 
process while all the economic and social aspects have not been examined in the 
framework of this thesis. 
5.3 Discussion 
In a decision-making process the choice of a scenario only because it implies 
100% recycling does not always mean that it consists the optimal solution. First, trying 
to manage the total amount of CDW produced by an infrastructure project 
immediately is translated to more energy, fuels and power demands, which also 
provoke a certain environmental burden. 
In addition, talking about a sustainable and beneficial to the environment 
choice of management system, means that the economic and social impacts of the 
system should be also addressed (Ekvall et al., 2007). The results of the LCA made in 
the framework of this thesis are limited to the environmental burden of the waste 
treatment method only. In order to have a fully documented point of view that would 
help the decision-making process to establish a management method with long term 
environmental, economic and social benefits, the three (3) dimensions of sustainability 
should be addressed.  This thesis could be used as a useful starting point for a decision-
making process and continue with the estimation and the life cycle analysis of the 
various economic and social issues that arise from the CDW management options and 
methods. In any case, the results include an uncertainty level which arises from the 
various assumptions made. It’s strongly recommended to the conductor of such an LCA 
study that the assumption is reconsidered and changed to the direction that fits the 
best to the expected results and the given study environment. 
In order to assess the environmental impacts that each management scenario 
provoke, an LCA study was conducted using the CML 2001 method for the necessary 
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calculations of the environmental burden. According the software’s way of depiction of 
the results, the positive values of the impact assessment process imply a negative 
environmental burden and the positive values imply a positive environmental impact 
(Rigamonti et al, 2013). 
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6. CONCLUSIONS 
Nowadays, the EU Waste Strategy has recognised Construction and Demolition 
Waste (CDW) as a priority waste stream (Banias et al., 2011a). According to Yeheyis et 
al, the sector of constructions “consumes 32 % of the world’s resources including 12 % 
of water and up to 40 % of energy” (2012).  The necessity for extraction of raw 
materials in construction activities worldwide reaches the percentage of 40% of all raw 
materials extracted (Yeheyis et al., 2012). Adding to these factors the fact that due to 
their large volume, the CDW’s disposal occupies great amounts of land space, their 
alternative management practices seem more than necessary. 
The case study that was examined in the framework of this thesis deals with 
the comparison of various CDW management methods, that include combinations of 
either recycling or landfilling the amounts of waste produced by the demolition of a 
five-floor residential building in Thessaloniki, Central Macedonia, Greece. Using an LCA 
model, the evaluation of the environmental impacts of five (5) different management 
scenarios was achieved. Environmental impacts like climate change, ozone depletion 
etc. were analysed, managing to end up to a numerical-based conclusion on which 
management combination or method seems more environmentally friendly. In 
addition, the proper management of CDW includes great potential of establishing a 
new market of recyclable raw materials, which can be used in infrastructure projects 
and save not only money to the conductors but also valuables resources of being 
extracted (Ortiz et al., 2010). 
In Greece, although we may have satisfying levels of available raw materials to 
extract, the issue of the proper management of the produced CDW is of high 
importance and should attract proper attention of both local authorities and citizens 
(Fatta et al., 2003). In order to achieve the recycling goals that the EU has set for the 
year 2020 (70% recycling and reusing of the total amount of CDW produced in the 
country) the efforts of the proper CDW management should be well organized and 
intensified. The means to achieve their proper management do not seem a long-term 
reality, since the necessary technology for managing CDW is easily available and simple 
to use (Fatta et al., 2003). 
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There are several ways to achieve proper management of the CDW produced 
by an infrastructure project. The demolition by its nature produces larger amounts of 
CDW in respect to the construction process.  The policy to achieve low levels of CDW 
that end up being dumped in landfills should start from the very first phase of a 
construction or a demolition project. The use of environmentally friendly raw 
materials, the selective demolition, the avoidance of materials that include dangerous 
substances, the stricter legislation and the promotion of a new market of recyclable 
materials consist only few of the measures that could enhance the effort for proper 
CDW management (Fatta et al., 2003). 
Sticking to the last point mentioned above, the advantages that recycling and 
the substitution of conventional materials in infrastructure with recycled ones may be 
extensive. As Ulubeyli et al. mention the decrease of the pieces of land used to 
become landfills, the prolong of the usage of the existing landfills, the save of money 
created by substituting conventional materials by recycled ones, the enhancement of 
the environmental surveillance, the lower resource consumption and the creation of 
new job places may be only some of them (2017). However, to the effort of promoting 
the alternative management of CDW, the economic incentives given to the conductors 
of infrastructure projects, seems to be an inevitable reality since the ethical incentives 
sometimes are covered by the rush and pressure to complete a project on time and in 
the given budget (Sapuay, 2016). The payment that the conductors must deposit in the 
treatment plant may be an excellence motive to “separate CDW at source” (Ulubeyli et 
al., 2017). The on-site sorting of CDW simultaneously with the usage of more recycled 
materials may help to reduce the total amount of CDW produced and help 
governments to reach the legislative requirements posed. However, it’s important to 
be cleared that due to their nature, the various construction and demolition activities 
is impracticable to “reach zero-waste status” (Ulubeyli et al., 2017). 
Concluding, the case study under examination, through the comparative 
analysis of the results of the five (5) management scenarios, gives sight to 
environmental performance of each treatment possibility examined and may be useful 
for decision-making management processes. It’s necessary to be cleared though that 
the decision-making process for choosing a CDW management method should include 
59 
 
not only environmental but economic and social factors too (Zaman A., 2010). The last 
ones have not been considered in the framework of this thesis. 
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APPENDIX I 
Presentation of the European Waste Catalog and the impact assessment results 
of CLM 2001 methodology for each stage of the LCA of the five (5) scenarios examined 
 
Table I.1: CDW according to the European Waste Catalogue (EWC) 
17 Construction and demolition wastes (including excavated soil from contaminated 
sites) 
17 01 concrete, bricks, tiles and ceramics 
17 01 01 concrete 
17 01 02 bricks 
17 01 03 tiles and ceramics 
17 01 06* mixtures of, or separate fractions of concrete, bricks, tiles and 
ceramics containing dangerous substances 
17 01 07 mixtures of concrete, bricks, tiles and ceramics other than those 
mentioned in 17 01 06  
17 02 wood, glass and plastic 
17 02 01 wood 
17 02 02 glass 
17 02 03 plastic 
17 02 04* glass, plastic and wood containing or contaminated with dangerous 
substances 
17 03 bituminous mixtures, coal tar and tarred products 
17 03 01* bituminous mixtures containing coal tar 
17 03 02 bituminous mixtures other than those mentioned in 17 03 01 
17 03 03* coal tar and tarred products  
17 04 metals (including their alloys) 
17 04 01 copper, bronze, brass 
1 7 04 02 aluminium 
   
2 
 
17 04 03 lead 
17 04 04 zinc 
17 04 05 iron and steel 
17 04 06 tin 
17 04 07 mixed metals 
17 04 09* metal waste contaminated with dangerous substances 
17 04 10* cables containing oil, coal tar and other dangerous substances 
17 04 11 cables other than those mentioned in 17 04 10  
17 05 soil (including excavated soil from contaminated sites), stones and 
dredging spoil 
17 05 03* soil and stones containing dangerous substances  
17 05 04 soil and stones other than those mentioned in 17 05 03  
17 05 05* dredging spoil containing dangerous substances  
17 05 06 dredging spoil other than those mentioned in 17 05 05  
17 05 07* track ballast containing dangerous substances  
17 05 08 track ballast other than those mentioned in 17 05 07  
17 06 insulation materials and asbestos-containing construction materials 
17 06 01* insulation materials containing asbestos 
17 06 03* other insulation materials consisting of or containing dangerous 
substances 
17 06 04 insulation materials other than those mentioned in 17 06 01 and 17 06 
03 
17 06 05* construction materials containing asbestos  
17 08 gypsum-based construction material  
17 08 01* gypsum-based construction materials contaminated with dangerous 
substances  
17 08 02 gypsum-based construction materials other than those mentioned in 17 
08 01  
17 09 other construction and demolition wastes  
17 09 01* construction and demolition wastes containing mercury  
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17 09 02* construction and demolition wastes containing PCB (for example PCB 
containing sealants, PCB-containing resin-based floorings, PCB-containing sealed 
glazing units, PCB-containing capacitors)  
17 09 03* other construction and demolition wastes (including mixed wastes) 
containing dangerous substances  
17 09 04 mixed construction and demolition wastes other than those mentioned 
in 17 09 01, 17 09 02 and 17 09 03 
 
 
Figure I.2: Assembly normalized impact assessment results of Scenario 1 (CML 2001 method) 
 
Figure I.2: Assembly normalized impact assessment results of Scenario 2 (CML 2001 method) 
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Figure I.3: Assembly normalized impact assessment results of Scenario 3 (CML 2001 method) 
 
Figure I.4: Assembly normalized impact assessment results of Scenario 4 (CML 2001 method) 
 
Figure I.5: Assembly normalized impact assessment results of Scenario 5 (CML 2001 method) 
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Figure I.6: LCA normalized impact assessment results of Scenario 2 (CML 2001 method) 
 
Figure I.7: LCA normalized impact assessment results of Scenario 3 (CML 2001 method) 
 
Figure I.8: LCA normalized impact assessment results of Scenario 4 (CML 2001 method) 
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Figure I.9: Disposal scenario normalized impact assessment results of Scenario 2 (CML 2001 
method) 
 
Figure I.10: Disposal scenario normalized impact assessment results of Scenario 3 (CML 2001 
method) 
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Figure I.10: Disposal scenario normalized impact assessment results of Scenario 4 (CML 
2001 method) 
 
Figure I.11: Disposal scenario normalized impact assessment results of Scenario 5 (CML 
2001 method) 
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Figure I.12: Reuse normalized impact assessment results of Scenario 2 (CML 2001 
method) 
 
Figure I.13: Reuse normalized impact assessment results of Scenario 3 (CML 2001 
method) 
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Figure I.14: Reuse normalized impact assessment results of Scenario 4 (CML 2001 
method) 
 
Figure I.15: Reuse normalized impact assessment results of Scenario 5 (CML 2001 
method) 
 
 
